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DESCRIPTION - 
RESIN FOR UNDERCOATING MATERIAL, UNDERCOATING MATERIAL, 
LAMINATE, AND MULTILAYERED RESIST PATTERN FORMING METHOD 

TECHNICAL FIELD 
The present invention relates to a resin for an 
undercoating material, an undercoating material, a laminate, 
and a multilayered resist pattern forming method. This 
application claims priority from Japanese Patent Application 
No- 2003-114044 filed on April 18, 2003, the disclosure of 
which is incorporated by reference herein. 

BACKGROUND ART 
In the field of a semiconductor device, considerable 
progresses of high integration and size-fining of the device 
have made recently. Among them, further progress has been . 
made in shortening of the wavelength of exposure light. That 
is, although ultraviolet ray which is typified by g-ray and 
i-ray has conventionally been used, KrF excimer laser (248 
nm) is introduced at present, and ArF excimer laser (193 nm) 
begins to be introduced in the field. Furthermore, studies 
have been made on F2 excimer laser (157 nm) , EUV (extreme 
ultraviolet ray) , electron beam and X-ray, each having a 
shorter wavelength. 

When exposure light having a shorter wavelength is used. 



light reflected from the substrate under exposure increases. 
Therefore, there arose problems such as local distortion and 
deterioration of dimensional accuracy of a resist pattern due 
to the reflected light- As a method of solving these 
problems, there. is employed a BARC (Bottom Anti-Reflective 
Coating) method in which. an anti-reflection layer is 
interposed between a substrate and a resist layer (see, for 
example, Japanese Unexamined Patent Application, First 
Publication No. Hei 10-228113) . 

The anti-reflection layer is commonly made of a 
composition comprising a resin for forming a coating film, a 
light-absorbing substance for absorbing reflected light and a 
crosslinking agent for thermally crosslinking them. At 
present, an acrylic resin is mainly used as a resin for 
forming a coating film when excimer laser such as KrF or ArF 
is used as exposure light. 

In view of an exposure device, a numerical aperture 
(NA) of lens may be increased so as to further improve 
resolution. However, when NA increases, the depth of focus 
decreases. Therefore, when the surface of the substrate 
includes fine distorsion and irregularities and thus the 
photoresist layer includes distorsion and irregularities in 
thickness, it becomes difficult to accurately form a fine 
pattern. Therefore, it becomes necessary to attain a certain 
depth of focus, and there was a limit in increase of NA. 
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On the other hand, there has been made a formation of a 
flattening film between a substrate and a resist layer, 
thereby to flatten a surface to which a resist coating is 
provided, and thus a flat resist layer having a uniform 
thickness is formed (see, for example, Japanese Unexamined 
Patent Application, First Publication No. Hei 6-35201) . Such 
a flattening technique enables the formation of a finer 
pattern due to an increase in NA. 

As means for forming a pattern having a high aspect 
ratio, for example, there has been known a three-layer resist 
m.ethod comprising the steps of applying an undercoating 
material containing a resin for forming a coating film on a -'^t- 
substrate, heating the undercoating material to form an 
organic film, forming thereon an intermediate film .made of a *f 
silica-based inorganic film, and forming thereon a 
photoresist film. According to this method, a resist pattern 
is formed on the photoresist film by conventional 
photolithography and a pattern is transferred by etching the 
intermediate film using the resist pattern as a mask, and 
then the organic film is etched using the patterned 
intermediate film as a mask to form a pattern on the 
substrate (see, for example, Japanese Unexamined Patent 
Application, First Publication No. 2001-51422) . 

There is also proposed a two-layer resist method which 
is excellent in that the number of steps is less than that of 
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the three-layer resist method (see, for example, Japanese 
Unexamined Patent Application, First Publication No. Sho 61- 
239243, Japanese Unexamined Patent Application, First 
Publication No. Sho 62-25744). According to the two-layer 
resist method, an organic film is formed on a substrate in 
the same manner as in the three-layer resist method and a 
photoresist film is formed thereon, and then a resist pattern 
is formed by conventional photolithography- Then, etching 
with oxygen plasma is performed using the resist pattern as a 
mask, thereby transferring the resist pattern onto the 
organic film. Etching with a f luorocarbon-based gas is 
performed using the resist pattern as a mask to form a 
pattern on the substrate. 

The film (hereinafter referred to as an underlying 
film) to be formed on the substrate or between the substrate 
and the resist layer like the above-described anti-reflection 
film, flattening film or organic film, requires resistance to 
etching with a f luorocarbon-based gas and the like used for 
etching of the substrate. 

With further progress in high integration and fine size 
of the device in recent years, step-differences and wiring 
pattern of the device have also fine sizes. Therefore, the 
underlying film requires to have embedding characteristics 
capable of filling fine irregularities on the surface of the 
substrate. However, the underlying film, which has 



conventionally been used, was insufficient in embedding 
characteristics . 

DISCLOSURE OF THE INVENTION 
An object of the present invention is to provide an 
undercoating material for forming an underlying film having 
excellent embedding characteristics, a resin for the 
undercoating material, and a resist pattern forming method. 

.The present inventors have intensively studied and 
found that embedding characteristics are improved by using a 
novolac resin wherein the total amounts of low molecular 
v^eight components having a molecular weight of 500 or less " 
included in the novolac resin is 1% by mass or less. Thus, 
the present invention has been completed. 

A first aspect for achieving the above object is a 
resin for an undercoating material for forming an underlying 
film between a substrate and a photoresist layer, wherein the 
resin is a novolac resin which comprises 1% by mass or less 
of low molecular weight components in which the content of 
the components is measured by gel permeation chromatography, 
and the components have a molecular weight of 500 or less. 

A second aspect for achieving the above object is an 
undercoating material for forming an underlying film between 
a substrate and a photoresist layer, wherein the undercoating 
material comprises a novolac resin containing 1% by weight or 



less of low molecular weight components in which the content 
of the components is measured by gel permeation 
chromatography, and the components have a molecular weight of 
500 or less. 

A third aspect for achieving the above object is a 
multilayered resist pattern forming method, which comprises, 

applying an undercoating material comprising at least a 
novolac resin which contains 1% by weight or less of low 
molecular weight components having a molecular weight of 500 
or less on a substrate, wherein the content of the components 
is measured by gel permeation chromatography, and heating the 
undercoating material to form an underlying film; 

forming at least one photoresist layer on the 
underlying f ilm; 

selectively exposing the photoresist layer to light; 

alkali-developing the exposed photoresist layer to form 
a resist pattern on the photoresist layer; and 

etching the underlying film with oxygen plasma via the resist 
pattern as a mask, thereby transferring the resist pattern 
onto the underlying film. 

A fourth aspect for achieving the above object is a 
laminate comprising at least a substrate, a photoresist layer, 
and an underlying film formed between the substrate and the 
photoresist layer, wherein 

the underlying film contains a resin for an 
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undercoating material wherein the resin is a novolac resin 
containing 1% by weight or less of low molecular weight 
components having a molecular weight of 500 or less, and 
the content of the components is measured by gel permeation 
chromatography . 

BEST MODE FOR CARRYING OUT THE INVENTION 
Preferred examples of the present invention will now be 
described. However, the present invention is not limited by 
the following examples. For example, constituent elements of 
these examples may be appropriately combined. 

The present invention relates to an undercoating 
material which can be used for forming an underlying film 
between a substrate and a photoresist layer in the production^ ^* 
process of a semiconductor device, a liquid crystal display 
element and the like, a resin used for the undercoating 
material, and a multilayered resist pattern forming method. 

Embodiments of the present invention will now be 
described. 

<Resin for undercoating material> 

The resin for an undercoating material of the present 
invention is a novolac resin in which the content of low 
molecular weight components having a molecular weight of 500 
or less, and preferably 200 or less, is 1% by mass or less, 
and preferably 0.8% by mass or less, as measured by gel 
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permeation chromatography. The content of the low molecular 
weight components is preferably as small as possible^ and is 
more preferably 0% by mass. 

The ''low molecular weight components having a molecular 
weight of 500 or less" can be detected as a low molecular 
fraction in which components having a molecular weight of 500 
or less are comprised, when analyzed by a GPC method using 
polystyrene standards. Examples of the ''low molecular weight 
components having a molecular weight of 500 or less" includes 
an unpolymerized monomer, and components having low 
polymerization degree such as those obtained by condensing -2 
to 5 molecules of phenols with aldehydes, although it may 
vary depending on the molecular weight . 

The content of the low molecular weight components 
having a molecular weight of 500 or less (% by mass) is 
derived from the analytical results obtained by the GPC 
method- For example, when the fraction number is provided as 
the axis of abscissa and the concentration is providing as 
the axis of ordinates to form a graph using the GPC method, 
the content of the components is determined from the graph. 
That is, the content of the components can be obtained by 
determining a ratio (%) of a specific area under the curve 
wherein the area corresponds to fractions of the low 
molecular weight components having a molecular weight of 500 
or less, to a total area under the curve of the graph. 



When the content of the low molecular weight components 
having a molecular weight of 500 or less is 1% by weight or 
less, embedding characteristics to the substrate having fine 
irregularities are improved. The reason why embedding 
characteristics are improved by reducing the content of the 
low molecular weight components is not clear, but is 
considered that dispersibility is lowered. 

The mass-average molecular weight (Mw) (polystyrene 
equivalent molecular weight determined using gel permeation 
chromatography (GPC) ) of the novolac resin is not 
specifically limited, but is usually from about 3000 to 
100000, preferably from 5000 to 50000, and more preferably 
from 8000 to 30000. 

MW of the novolac resin is preferably 50000 or less 
because embedding characteristics to the substrate having 
fine irregularities are excellent- In addition, Mw is 
preferably 5000 or more because etching resistance to a 
f luorocarbon-based gas is excellent. 

The resin for an undercoating material of the present 
invention is cured by heating preferably to 200 °C or higher, 
and more preferably about 200 to 300°C, to form an alkali- 
insoluble underlying film. When a conventional resin for 
undercoating material is used, sublimate tends to be formed 
from the undercoating material during heating in the 
formation of an underlying film and the sublimate adheres to 
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peripheral devices, which results in poor yield. When using 
the resin for an undercoating material of the present 
invention, the amount of the sublimate can decrease. 

When the content of the low molecular weight components 
is reduced, resistance of the underlying film containing the 
resin to an organic solvent is improved. Therefore, when a 
resist composition is applied on the underlying film, 
intermixing is less likely caused by the organic solvent 
contained in the resist composition. 

The resin for an undercoating material of the present 
invention is a novolac resin and is therefore excellent in 
absorptivity of excimer laser such as KrF or ArF. Therefore, 
the underlying film containing the resin for undercoating 
material of the present invention also has an anti-reflection 
effect. 

The resin for an undercoating material of the present 
invention may be prepared by preparing a novolac resin having 
Mw of 2000 to 40000 and removing low molecular weight 
components having a molecular weight of 500 or less from the 
novolac resin, thereby to adjust Mw within a range from 5000 
to 50000. 

The novolac resin can be prepared by the method used to 
commonly prepare the novolac resin. For example, it can be 
obtained by addition-condensing an aromatic compound having a 
phenolic hydroxyl group (hereinafter merely referred to as 
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""^phenols") with aldehydes in the presence of an acid catalyst . 

Examples of the phenols include phenol, o-cresol, m- 
cresol, p-cresol, o-ethylphenol, m-ethylphenol, p-ethylphenol, 
o-butylphenol, m-butylphenol, p-butylphenol, 2, 3-xylenol, 
2,4-xylenol, 2,5-xylenol, 2,6-xylenol, 3,4-xylenol, 3,5- 
xylenol, 2,3, 5-trimethylphenol, 3, 4 , 5-trimethylphenol, p- 
phenylphenol , resorcinol , hydroquinone , hydroquinone 
monomethyl ether, pyrogallol, phloroglucinol, hydroxydiphenyl, 
bisphenol A, gallic acid, gallic acid ester, a-naphthol, and 
p-naphthol . 

The novolac resin obtained by using phenols containing 
m-cresol is particularly preferable because embedding 
characteristics are excellent. 

The content of m-cresol in phenols is preferably from ' 
20 to 100 mol%, and more preferably from 40 to 90 mol%. 

Phenols preferably contains p-cresol, in addition to m- 
cresol because film-forming properties of the underlying film 
are improved. When film-forming properties of the underlying 
film are improved, the occurrence of intermixing is prevented 
when a resist composition is applied on the underlying film 
to form a photoresist layer. 

. When phenols contain p-cresol, the content is 
preferably from 10 to 50 mol%, and more preferably from 15 to 
30 mol%. 

Examples of aldehydes include formaldehyde, furfural. 
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benzaldehyde, nitrobenzaldehyde, and acetaldehyde . In view 
of industrial productivity, formaldehyde is most preferable. 

The catalyst used in the addition condensation reaction 
is not specifically limited. As the acid catalyst, for 
example, hydrochloric acid, nitric acid, sulfuric acid, 
formic acid, oxalic acid, acetic acid and the like can be 
used. 

The resin for undercoating material of the present 
invention can also be prepared by removing low molecular 
weight components having a molecular weight of 500 or less 
from a novolac resin which is commercially available for a 
resist . 

Adjustment of Mw of the novolac resin and removal of 
low molecular weight components having a molecular weight of* 
500 or less can be conducted by the following fractional 
precipitation treatment. First, a novolac resin (Mw: 2000 to 
40000) which is a condensation product obtained described 
above is dissolved in a polar solvent and then the resulting 
solution is mixed with a poor solvent such as water, heptane, 
hexane, pentane, cyclohexane or the like. At this time, the 
low molecular weight components having a molecular weight of 
500 or less is dissolved well in the poor solvent. Therefore, 
by collecting the precipitate due to filtration, a resin for 
an undercoating material of the present invention in which 
the content of the low molecular weight components having a 
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molecular weight of 500 or less is reduced can be obtained. 

Examples of the polar solvent include alcohols such as 
methanol and ethanol; ketones such as acetone and methyl 
ethyl ketone; glycol ether esters such as ethylene glycol 
monoethyl ether acetate; and cyclic ethers such as 
tetrahydrof uran . If necessary, these polar solvents and poor 
solvents can be used alone or in combination. 

Mw of the precipitate (resin for an undercoat ing 
material of the present invention) and the content of the low 
molecular weight components having a molecular weight of 500 
or less can be obtained by the GPC method, as described above. 

The novolac resin has excellent embedding 
characteristics and is used suitably for an undercoating 
material for forming the underlying film such as an anti- 
reflection layer, underlying film, a flattening film, an 
organic film, or the like, between the substrate and the 
photoresist layer. 
<Undercoating material> 

The undercoating material of the present invention is 
an undercoating material for forming an underlying film 
between a substrate and a photoresist layer. The 
undercoating material comprises, as a resin for forming a 
coating film (hereinafter referred to as a component (A) ) , at 
least a resin for an undercoating material of the present 
invention (hereinafter referred to as a resin (Al)). 
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Component (A) 
Resin (Al) 

The content of the resin (Al) in the component (A) is 
preferably from 20 to 100% by mass, more preferably from 70 
to 100% by mass, and most preferably 100% by mass. 

The undercoating material of the present invention may 
contain a compound (s) which can be commonly used as a resin 
for forming a coating film in the production of a 
semiconductor device and a liquid crystal display element as 
a component (A), in addition to the resin (Al) . 

The resin for forming a coating film is not 
specifically limited as far as it has resistance to an alkali 
developing solution and can be etched with oxygen plasma, and 
also has resistance to a f luorocarbon-based gas which is 
commonly used for etching of a silicon substrate. Examples 
of the resin for forming a coating film include a novolac 
resin other than the resin (Al) (hereinafter referred to as a 
resin (A2) ) and an acrylic resin (hereinafter referred to as 
a resin (A3) ) . 
Resin (A2) 

As the resin (A2), resins which are commonly used for 
resist composition can be used. 

The resin (A2) has Mw within a range from 3000 to 30000, 
and preferably from 6000 to 20000. Mw which is less than 
3000 is not preferable because resistance to an alkali 
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developing solution is lowered. Mw which is more than 30000 
is not preferable because embedding characteristics become 
inferior . 
Resin (A3) 

As the resin {A3) , resins which are commonly used as a 
resin for undercoat ing material can be used. Examples of the 
resin include an acrylic resin comprising a constituent unit 
derived from a polymerizable compound having an ether bond 
and a constituent unit derived from a polymerizable compound 
having a carboxyl group. 

Examples of the polymerizable compound having an ether 
bond include (meth) acrylic acid derivatives having an ether- 
bond and an ester bond, such as 2-methoxyethyl (meth) acrylate, 
methoxytriethylene glycol (meth) acrylate, 3-methoxybutyl 
(meth) acrylate, ethylcarbitol (meth) acrylate/ 
phenoxypolyethylene glycol (meth) acrylate, 
methoxypolypropylene glycol (meth) acrylate, and 
tetrahydrof urf uryl (meth) acrylate . The (meth) acrylate is a 
generic name of methacrylate and acrylate, and these 
compounds can be used alone or in combination. 

Examples of the polymerizable compound having a 
carboxyl group include monocarboxylic acids such as acrylic 
acid, methacrylic acid, and crotonic acid; dicarboxylic acids 
such as maleic acid, fumaric acid, and itaconic acid; and 
compounds having a carboxyl group and an ester bond, such as 
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2-methacryloyloxyethylsuccinic acid/ 2- 
methacryloyloxyethylmaleic acid, 2- 
methacryloyloxyethylphthalic acid, and 2- 
methacryloyloxyethylhexahydrophthalic acid. Among these 
compounds, acrylic acid and methacrylic acid are preferable. 
The aforementioned compounds can be used alone or in 
combination. 

An acrylic resin having an alicyclic moiety or an 
aromatic ring in the side chain is preferably used because it 
is excellent in resistance to an alkali developing solution. 
Component (B) 

The undercoating material of the present invention 
preferably contains a phenol derivative having a molecular 
weight of 200 or more esterified with 

naphthoquinonediazidosulf onic acid (hereinafter referred to 
as a component (B) ) , in addition to the above-described 
component (A) . The component (B) improves film-forming 
properties of the underlying film. Therefore, when the 
undercoating material does not contain the component (B) , it 
is preferred to heat the undercoating material at a 
temperature of about 300 °C so as to sufficiently form a film, 
although it varies with the composition of the component (A) . 
When the undercoating material contains the component (B) , an 
underlying film having excellent etching resistance and 
organic solvent resistance can be obtained even if heating 
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temperature is about 200 °C. To obtain the aforementioned 
phenol derivative, it is preferred to conduct esterif ication 
by using halide of sulfonic acid such as sulfonic acid 
chloride, as the aforementioned sulfonic acid, because it is 
excellent in reactivity. Therefore, the sulfonic acid also 
includes a reactive derivative such as halide. 

The reason why film-forming properties are improved by 
using the component (B) is considered that, the component (B) 
can serve as a crosslinking agent for the component (A) when 
they are heated at a temperature of 200 °C or higher. 

Furthermore, when the component (B) is used, the amount 
of the generated sublimate can be decreased as compared with 
the case wherein a crosslinking agent commonly used in the 
undercoating material is utilized- The reason is considered 
that, since the component (B) is likely to crosslink with the 
component (A) , an amount of the sublimate, which is derived 
from the low molecular weight components included in the 
component (A) and the uncrosslinked component (B) , is small. 

More specific examples of the component (B) include 
compounds represented by the following general formulas (I) 
and (II) which are proposed as photosensitive components of a 
positive photosensitive resin composition in Japanese 
Unexamined Patent Application, First Publication No. 2002- 
278062. These compounds may be used alone or in combination 
of two or more. 
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(I) 



In the above formulae, at least one of D"^, and 
represents a naphthoquinone-1, 2-diazidosulf onyl group and the 
remainder represent a hydrogen atom; and 1, m and n 
represents an integer of 0 to 3. 

An esterif ication reaction product of bis {5-cyclohexyl- 
4-hydroxy-2-methylphenyl ) -3, 4-hydroxyphenylmethane and 
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naphthoquinone-1, 2-diazido-5-sulf onylchloride has 
particularly excellent effect for improving film-forming 
properties . 

The content of the component (B) is preferably f rom 0 . 5 
to 20% by mass, and more preferably from 5 to 15% by mass, 
based on the component (A) . 

The undercoating material of the present invention may 
contain additives, which can mix with the component (A) and 
the like, as far as the effects of the present invention are 
not adversely affected. Examples of the additive include 
surfactants for improving cbatability and preventing 
striation, light-absorbing substances which exhibit 
absorptivity to exposure light and can prevent standing wave 
and irregular refraction caused by reflection from the 
substrate, additive resins for improving performances of the 
underlying film, dissolution inhibitors, plasticizers, 
stabilizers, colorants, and anti-halation agents. 

Examples of the surfactant include f luorinecontaining 
surfactants such as XR-104 (manufactured by Dainippon Ink and 
Chemical, Incorporated) . These surfactants may be used alone 
or in combination. 

The light-absorbing substance can be appropriately 
selected from those which have conventionally been used as 
components of an undercoating material and an anti-reflection 
layer- These light-absorbing substances may be used alone or 
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in combination. 

The undercoating material of the present invention is 
preferably used in the form of a solution prepared by 
dissolving arbitrary components such as components (A) , (B) 
and the like in a suitable solvent. 

Examples of the solvent include ketones such as acetone, 
methyl ethyl ketone, cyclopentanone, cyclohexanone, methyl 
amyl ketone, methyl isoamyl ketone, and 1,1,1- 

trimethylacetone; polyhydric alcohols and derivatives thereof 
such as ethylene glycol, ethylene glycol monoacetate, 
diethylene glycol or diethylerie glycol monoacetate, propylene 
glycol, and propylene glycol monoacetate, or monomethyl ether 
monoethyl ether, monopropyl ether, monobutyl ether or 
monophenyl ether thereof; cyclic ethers such as dioxane; arid 
esters such as ethyl lactate, methyl acetate, ethyl acetate, 
butyl acetate, methyl pyruvate, ethyl pyruvate, methyl 3- 
methoxypropionate, and ethyl 3-ethoxypropionate . These 
solvents may be used alone or in combination of two or more. 

The undercoating material of the present invention can 
be applied to any resist compositions such as negative and 
positive resist compositions. According to an exposure light 
source, commercially available resist compositions can be 
selected and used. 

Examples of those, which can use the undercoating 
material of the present invention as an undercoating, include 
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a non-chemically amplified type positive resist composition 
containing a naphthoquinonediazido compound and a novolac 
resin, and a chemically amplified type resist composition 
containing a resin component whose alkali solubility changes 
due to an action of an acid and an acid generating component 
capable of generating an acid under exposure. 

When using KrF or ArF excimer laser, or a light source 
having a wavelength shorter than these lasers, a chemically 
amplified resist composition is preferably used because it is 
excellent in fine resolution. 

The chemically amplified resist composition includes a 
positive resist composition containing a photo acid generator 
and an alkali insoluble resin having an dissolution 
inhibiting group which is an acid dissociative group, wherein 
alkali solubility of the resin is enhanced due to an acid, 
and a negative resist composition containing a photo acid 
generator, a crosslinking agent and an alkali soluble resin. 

In case of the positive resist composition, when an 
acid is generated from the photo acid generator under 
exposure in the formation of a resist pattern, the 
dissolution inhibiting group is dissociated by the acid and 
thus the composition becomes soluble in an alkali. In case 
of the negative resist composition, when an acid is generated 
under exposure, the alkali soluble resin is crosslinked with 
the crosslinking agent by the action of the acid and thus the 
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composition becomes insoluble in an alkali. 

As the chemically amplified resist composition for KrF 
excimer laser, those containing polyhydroxystyrene having a 
dissolution inhibiting group such as t-butoxycarbonyl group 
are known. 

As the chemically amplified resist composition for ArF 
excimer laser, a composition including a resin in which an 
aliphatic polycyclic group such as adamanthyl group is 
introduced in the side chain of a methacrylic resin, a 
composition containing a resin having an aliphatic polycyclic 
group such as norbornyl group in the main chain and the like 
are known. 

When a multilayer process such as two-layer or three- 
layer resist method is conducted, a chemically amplified' 
resist containing a silicon-containing polymer is preferably 
used. 

The underlying film obtained by using the undercoating 
material of the present invention is insoluble in an alkali 
developing solution which is used to develop a photoresist 
layer after exposure, and can be etched with oxygen plasma, 
and is also excellent in embedding characteristics to the 
substrate. It is also excellent in etching resistance to a 
f luorocarbon-based gas, and generation of the sublimate can 
be suppressed when the film is formed. Furthermore, when 
using an excimer laser such as KrF or ArF excimer laser, or a 
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light source having a wavelength shorter than that of the 
laser, the anti-reflection effect can be also exerted. 

Therefore, the undercoating material of the present 
invention is preferably used as an undercoating material used 
for forming the aforementioned anti-reflection layer or 
flattening film, or the underlying film such as organic film 
in the multilayer process such as two-layer or three-layer 
resist method. 

When using as the anti-reflection layer, the thickness 
of the underlying film is preferably 30 to 500 nm, and more 
preferably from 50 to 250 nm. When using as a flattening 
film, the thickness is preferably from 100 to 1000 nm, and 
more preferably from 200 to 600 nm. When using as an organic 
film in the multilayer process, the thickness is preferably 
200 nm or more. 

<Multilayered resist pattern forming method> 

The multilayered resist pattern forming method of the 
present invention can be carried out by using the 
undercoating material of the present invention as follows. 

First, an undercoating material solution prepared by 
dissolving the undercoating material of the present invention 
in the above-described solvent is rotary-coated on a 
substrate such as silicon wafer using a spinner. Then, by 
heating the coated substrate at a temperature of 200 °C or 
higher, and preferably from 200 to 300°C, an underlying film 
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having preferably a thickness of 200 nm or more, and more 
preferably from 250 to 500 nm is formed. 

This underlying film becomes insoluble in an alkali by 
film formation due to heating (baking) . Also. resistance to 
an organic solvent is enhanced due to heating and thus 
intermixing is less likely to occur when a photoresist layer 
is formed by applying a resist composition on the underlying 
f ilm. 

The substrate is not specifically limited and a 
conventionally known substrate can be used. Examples of the 
substrate include substrates for electronic components, and 
substrates having a predetermined wiring pattern and/or level 
difference formed thereon, and the like. 

Examples of the substrate material include metals such 
as silicon wafer, copper, chromium, iron, and aluminum, and 
glass . 

Examples of the material for wiring pattern thereof 
include silicon, copper, solder, chromium, aluminum, nickel, 
gold, or alloys thereof. 

Then, a resist composition is applied on the underlying 
film using a spinner and prebaked at a temperature of 80 to 
150°C for 40 to 120 seconds, and preferably 60 to 90 seconds 
to form a photoresist layer. 

The thickness of the photoresist layer is preferably 
from 10 to 500 nm, and more preferably from 30 to 300 nm. 
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When using a chemically amplified resist containing a 
silicon-containing polymer, the thickness is preferably from 
100 to 200 nm, and more preferably from 130 to 170 nm. 

In case of the two-layer resist method, the resist film 
may be directly formed on the underlying film. In case of 
the three-layer resist method, the resist film can be formed 
on the underlying film via a silicon-based coating film. 

This photoresist layer is selectively exposed to, for 
example, KrF excimer laser via a desired mask pattern using a 
KrF lithography. When a chemically amplified resist is used . - 

as the resist composition, the photoresist layer is subjected r 
to PEB (exposure post baking) at a temperature of 80 to 150*^C 
for 40 to 120 seconds, and preferably from 60 to 90 seconds 
after exposure. 

As the light source used for exposure, a KrF or ArF 
excimer laser is useful. It is also possible to use g-ray or 
i-ray having a wavelength longer than that of the 
aforementioned laser, F2 laser having a wavelength shorter 
than that of the laser, and radiations such as EUV (extreme 
ultraviolet ray) , VUV (vacuum ultraviolet ray) , electron beam. 
X-ray, and soft X-ray effectively. Then, a development 
treatment is performed using an alkali developing solution, 
for example, an aqueous tetramethylammonium hydroxide having 
a concentration of 0.05 to 10% by mass, and preferably 0.05 
to 3% by mass. When the resist is positive, the exposed area 
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is selectively dissolved and removed to form a resist pattern 
which is equal to a mask pattern. When the resist is 
negative, the unexposed area is selectively dissolved and 
removed to form a resist pattern which is equal to a mask 
pattern. Thus, the resist pattern, which has high fidelity 
regarding the mask pattern, can be formed on the photoresist 
layer. 

In case of the two-layer resist method, the underlying 
film is etched with oxygen plasma via the resulting resist 
pattern as a mask pattern, thereby to transfer the resist 
pattern onto the underlying film. In case of the three-layer 
resist method, after etching a silicon-based coating film 
with a f luorocarbon-based gas capable of etching the silicon- 
based coating film, the underlying film is etched with oxygen 
plasma in the same manner, thereby to transfer the resist 
pattern onto the underlying film. 

Conditions of etching with the oxygen plasma and 
f luorocarbon-based gas can be optionally selected . 

Such a method for forming a multilayered resist pattern 
of the present invention has the flattening effect because 
the underlying film is excellent in embedding characteristics 
to the substrate. Since the underlying film is excellent in 
etching resistance to a f luorocarbon-based gas, the substrate 
can be etched using this film as a mask. The sublimate 
hardly generates during heating at high temperature in case 
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of forming the underlying film and thus production yield of 
the semiconductor device is improved. Because of excellent 
anti-reflection effect of the underling film to a light 
source having a short wavelength such as KrF or ArF, it is 
made possible to form a resist pattern, which has high 
rectangularity and has also high fidelity to a mask pattern, 
on the photoresist layer. 

EXAMPLES 

The present invention will now be described in detail 
by way of examples, but the present invention is not limited 
by the following examples . 
Synthetic example 1 

To 0.5 mols of a mixture of m-cresol : p-cresol = 6:4 
(mass ratio) was added 15 mL of formalin, and then the 
solution was condensed by a conventional method using an 
oxalic acid catalyst to obtain a novolac resin having Mw of 
12000. The resulting resin was dissolved in methanol at room 
temperature to obtain a 15% (by mass) solution. Water which 
was two times larger than the methanol was added and the 
resulting precipitate was taken out to obtain a novolac resin 
(al) wherein low molecular weight components having a 
molecular weight of less than 500 was removed . 

The resulting precipitate (novolac resin (al) ) was 
subjected to gel permeation chromatography (GPC) using 
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polystyrene standards under the following conditions. As a 
result, Mw of the novolac resin (al) was 20000 and the 
content of the low molecular weight components having a 
molecular weight of 500 or less in the novolac resin (al) was 
0.9% by mass . 

Apparatus: SYSTEM 11 (manufactured by Showa Denko K.K.) 
Precolumn : KF-G 
Column: KF-802 

Detector: UV41 (measured at 280 nm) 

Solvent: measured at 35 °C while flowing tstrahydrof uran at a 
flow rate of 1.0 mL/min. 
Example 1 

100 parts by mass of the novolac resin (al) obtained in 
Synthetic example 1 was dissolved in a 5-fold amount of 
propylene glycol methylether acetate (PGMEA) . In the 
solution, 10 parts by mass of an esterif ication reaction 
product (phenol derivative) of bis ( 5-cyclohexyl-4-hydroxy-2- 
methylphenyl) -3, 4-hydroxyphenylmethane and naphthoquinone- 
1, 2-diazido-5-sulf onylchloride was dissolved. Furthermore, 6 
parts by mass of a surfactant XR-104 (manufactured by 
Dainippon Ink and Chemical, Incorporated) was added to 
prepare an undercoating material solution. 

The resulting undercoating material solution was coated 
on a silicon wafer using a spinner and baked at 250 °C for 90 
seconds to form a 500 nm thick underlying film. 
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Then, a positive resist composition containing a 
silicon-containing polymer was coated on the underlying film 
using a spinner and baked at 90 "^C for 90 seconds to form a 
150 nm thick photoresist layer. The photoresist layer was 
selectively exposed to KrF excimer laser via a mask pattern 
using a KrF lithography NSR-S203 (manufactured by Nikon 
Corporation; NA == 0.68). 

The resist layer was subjected to a PEB treatment under 
the conditions of a temperature of 90*^0 for 90 seconds and 
developed with an aqueous 2.38% (by mass) tetramethylammonium 
hydroxide solution at 23°C for 60 seconds. As a result of 
these treatments, 150 nm L&S pattern was formed on the 
photoresist layer . 

The underlying film was subjected to dry etching for 
the resulting L&S pattern with plasma obtained from a gas 
mixture of oxygen and nitrogen using a high vacuum RIE 
apparatus (manufactured by Tokyo Ohka Kogyo Co., Ltd.) to 
form a L&S pattern (line and space pattern) having high 
rectangularity on the underlying film. 
Comparative Example 1 

In the same manner as in Example 1, except that a 
conventional undercoating material solution composed of a 
photoresist THMR-iP5700 for i-ray (manufactured by Tokyo Ohka 
Kogyo Co., Ltd.) comprising a novolac resin having Mw of 9000 
and containing 5% by mass of low molecular weight components 
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having a molecular weight of 500 or less was used in place of 
the undercoat ing material solution of Example 1, a resist 
pattern was formed . 
Comparative Example 2 

In the same manner as in Example 1^ except that a 
conventional undercoating material solution obtained by 
adding a crosslinking agent to a copolymer of benzyl 
methacrylate and methacrylic acid was used in place of the 
undercoating material solution of Example 1, a resist pattern 
was formed. 
(Evaluation) 

With respect to the respective undercoating material 
solutions used in Example 1, Comparative Example 1 and 
Comparative Example 2, the following characteristics were 
evaluated. 

[Embedding characteristics] 

After preparing a wafer with an oxide film having a 200 
nm hole pattern formed thereon, the undercoating material 
solution of Example 1 was coated on the wafer in a thickness 
of 500 nm and subjected to a heat treatment at 250 °C. The 
wafer was cut and then profile of the hole pattern was 
observed. As a result, it was confirmed that satisfactory 
embedding could be achieved in the state of being free from 
bubbles. In the undercoating material solutions of 
Comparative Examples 1 and 2, satisfactory embedding could 



31 

not be achieved because cavities were formed at the bottom of 

holes . 

[Sublimate] 

When the films were formed using an undercoating 
material solution in pattern formation of Example 1, the 
amount of a sublimate adhered to a top board located about 30 
cm above a substrate was determined by dissolving the 
sublimate in PGMEA (propylene glycol monomethyl ether 
acetate) and measuring the content using gas chromatography. 
As a result, the amount of the sublimate of the undercoating 
material solution used in Example 1 accounted for 1/20 or 
less of that of the undercoating material solutions of 
Comparative Examples 1 and 2. 
[Etching resistance] 

In the same manner as described above, only a 500 nm 
thick underlying film was formed on a silicon wafer and the 
underlying film was etched with a gas mixture of CF4 and CHF3, 
and then the etch rate was measured. The etch rate of the 
underlying film of Example 1 was 0.9 times larger than that 
of Comparative Example 1. The etch rate of the underlying 
film of Comparative Example 2 was 1.4 times larger than that 
of Comparative Example 1. 

As is apparent from these results, according to the 
above-described multilayer (two- or three-layer) resist 
method, an underlying film having excellent embedding 
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characteristics can be formed by using an undercoating 
material containing a resin for a undercoating material of 
the present invention. An amount of a sublimate generated by 
heating in case of film formation was small, and resistance 
of etching to a f luorocarbon-based gas was excellent because 
of small etch rate. As is apparent from the results shown of 
Example 1, since a resist pattern, which has high fidelity to 
a mask pattern and also has high rectangularity, could be 
formed on a photoresist layer, the underlying film has an 
anti-reflection effect . 

INDUSTRIAL APPLICABILITY 
An underlying film having high embedding 
characteristics can be formed by using a resin for a 
undercoating material of the .present invention, an 
undercoating material containing the resin, and a resist 
pattern forming method using the undercoating material. 



